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I. INTRODUCTION

The synthesis of "superoxidizers" based on energetic combinations of
hydrogen, oxygen, nitrogen, and fluorine has received more emphasis than has
the interpretation of structure and bonding characteristics of the representa-
tive compounds. The present investigation is directed toward determining the
feasibility of obtaining certain structures of primary interest to solid pro-
pellant technology.

There are, at present, eight compounds of interest in the study of
the structure of inorganic oxidizers. These are: the four known oxygen-
fluorine compounds, OFp, OoFp, 0zFp and O4Fp; and the four nitrogen-fluorine
compourds, NFz, NoF,, NoF5 and NzF. Each of these compounds is a potentiai
source of O-F or N-F ion or radical species. The specific objective of this
program is the investigation of stable ions such as NFZ, NF;, and OF+.

The experimental approach to structural studies has been the assump-
tion that the ions will exist in solution. A suitable solvent system for the
detection of O-F or N-F ions is the oxidizer itself. The present study has,
therefore, bee') concerned with the analysis of ion or radical species present
in the pure liquid oxidizers and in the liquid systems: OF>-NFz, OoF,-NFz,
03F2-NF3 ard OF,-NoF,.

The present program has established that OF, dissociates photolyt-
ically into a paramasgnetic species in which there is a hyperfine interaction
between the unpaired electron and one fluorine nucleus. The radical has been
characterized by means of the EPR spectrum, but not identified. However, the
characteristics of the spectrum indicate that the radical is OyFe, rather than
F.. It is highly probable that the same O, F: radical exists in the higher oxy-
gen fluorides and, indeed, may be the basic structural unit for synthesizing
OxFy and related compcunds.

The interaction of the photolytic OF, species in NFz (1iquid) solvent
results in a destruction of the paramagnetic entity rather than a stabilization.
This is further evidence that pnotolysis of OF, produces a radical rather than
an ion speci. 3.

II. TECHNICAL ACCOMPLISHMENTS

A, Electron Paramagnetic Resonsnce Studies

The results of the EPR studies on liquid OF, were presented at
the Symposium on Advanced Propellant Chemistry, 149th National Meeting,
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Anerican Chemical Society, April 3 - 2, 1965. The Symposium nas been accepted
for publication as a volunz in "Advances in Chemistry Series." The complete
text of this publication is given in the Appendix, the sbstract is presented
below.

Electron Paramagnetic Resonance Spectrum of
Liquid Oxygen Difluoride

F. I. Metz, F. E. Welsh, W. B. Rose
ABSTRACT

The electron paramagnetic resonsnce spectrum of liquid
oxygen difluoride (OFé) has been investigated. The shape, line-
width, and complexity of the resonance signal obtained was dererd-
ent on the purity of the liquid OF,. The strength of the signal
wai: found to be photolysis dependent and the rate of decay was
slow.,

A sample of chromatographed liquid OF, prepared in the
absence of light showed no signal. A strorng doublet with a peak-
to-peak linewidth of 1.6 gauss and a hyperfine splitting of 13.5
gauss appeared when the sample was photolyzed. The line center
of the doublet had u g-value of 2.0032. The line shape closely
approximated a lorentzian curve. The number of the paramagnetic
species (OxF-) was calculated tc be on the order of 1016 per san-
ple, corresponding to a concentration of about 0.001 role per cent.

The photolytic rate of formation and the subsequent de-
cay of the paramagnetic species in the absence of light is dis-
cussed.

In addition to the work summarized in the Apperdix, 017Fé has been
prepared and its EPR spectrum examined. In order to increase the yield of OF,,
the material was prepared by the reaction of Fo with KOH. The concentration
of 017 in the EPR sample was less than 1 per cent and may account for the fact
that no splitting was observed. No further work is anticipated on 0l7-F com-
pounds at this time, since this work has been extensively pursued at several
other laboratories.

The study of the photolytic behavior of Ofé (1iquid) has led to the
general mechanism:

-2 -
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(1) OF :--———“* OF: + F.

(2) n OFe ————> (OF),
(3) (OF), ———> OxF+ + (O yFp.1)
(4) 2 OFr ———=> x 05 + Fp

The redicals OF: and F. should be relatively short-lived, and would rrobably
not be directly observ-.le via EPR. However, if OF. agsociates as (OF)n, reac-
tion (2), then fragmentation, reaction (3), might well produce a longer-lived
species, OyF-. This species could be present in all O-F compounds where x may
have the same or different values.

OoF> and OzFp: Samples of OoFp were synthesized by an electric
discharge in equimolar mixtures of oxygen and fluorine.l/ An EPR tube was
sealed onto the base of the discharge vessel.2/ The dewsr surrounding the dis-
charge tube was lowered slowly, and the liquid OpFp was collected in the EPR
tube. Conditions were maintained such that only a very small volume (less
than 0.0l ml.) of OoFp was condensed in the tube. If the sample was greater
than 0.01 ml., the EPR spectrum could not be obtained because of the presence

of an excessive number of paramagnetic species.

The EFR spectrum of solid OoFp at 77°K contained a signal that ex-
hibited an anisotropic powder pattern with a total width of about 100 gauss;
the center of the pattern was near g = 2.0. Similar spectra were obtained at
temperatures up to 109°K. The normal meiting peint of OoF, is given as
109.7°K.3/ ‘The change in the EPR pattern as a function of temperature is shown
by the spectra in Fig. 1. Curve A was obtained at 95°K; Curve B was obtained
at 109°K with the same instrumental settings used for Curve A. The intensity
of the anisotropic component decreases and a doublet with a splitting of ap-
proximately 15.9 gauss can be seen developing in the center of Pattern B. In
Curve C, taken at 111°K, the anisotropic components are very weak. The anpli-
fication factor for the outer peaks in Curve C is the same as that useu for
Curves A and B. The dcublet in C has a splitting of approximately 15.9 gauss,
a g-value of 2.0033, and is of sufficient intensity that the amplification
factor is one-tenth that used for the cuter components.

l/ Kirshenbaum, A. D., ard A. V. Jrosse, J. Am. “hem. Soc., 81, 1277 (1859).
2/ Midwest Research Institute, Contract No. AF 04(611)-10215, "Structural
Studies of Inorganic Oxidizers,' Quarterly Report No. 2, pp. 4 - 7,

January 1965.
3/ Ruff, 0., and W. Menzel, Z. Anog. Allgem. Chem., 211, 204 (1933).
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Fig. 1 - EPR Spectra of OsFp: Curve A, 95°K; Curve B, 109°K; Curve C, 111°K
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The doublet characteristics have been cbserved in the EPR spectrum
of OoF, at temperatures as high as 237°K. 'The intensity at this temperature
was gquite low, but increased ss the temperature was lowered. At 95°K, the
anisotropic pattern was again observed, but with reduced intensity compared to
the pattern shown in Curve A, Fig. 1. The redical causing the doublet split-
ting ccntains one fluorine nucleus experiencing a hyperfine interaction with
the unpaired electron. Further work cn the variation of the signal intensity
of the OoF, EFR patten with temperature is in progress.

The effect of photolysis (A = 3650 A) upon the EPR spectrum of OpFp
at 77°K has been studied. During a 3-hr. photolysis, the signal intensity in-
creased and the central features of the EPR pattern shown in Curve A, Fig. 1,
were washed out. The extremes of the broad band obtained (vidth approximately
100 gauss) correspond to the extremes of the anisotropic pattern observed prior
%o phoi.lysis. The anisotropic pattern reappeared when the sample was warmed
slightly after photolysis.

The EIR patterns obtained from solid and liquid OzF, were similar to
that obtained fcr OpFo. The transition point was 110°K, which indicated that
a large percentage of each sample was probably OpF,. Further work is in prog-
ress on the characterization of OzFs.

Mixtures: The EPR studies on OFp-NFz are now in progress. No
resonance signal has been observed in equimolar molar mixtures of OF, and NFy
prepared in the dark. Photolysis of pure liquid NFz does not produce a reso-
nance signal. However, photolysis of the mixture results in an EPR signal.
This signal, like that of pure OF,, increases linearly, although at a slower
rate, with time during photolysis. The temperature and concentration depend-
ence of this photolytic system are being determined.

The investigation of the system OFp-NolYy (1liquid) also has been

started. However, the purity of NoF4 must be inproved before the results are
meaningful.

B. Preparation and Purification of Materials

The OF,, NF3 and NpF, used in this investigation have been obtained
commercially. The OzFé and OSFé were prepared from premixed commercial oxygen
and fluorire by the technique previously described.g/

The purification of OFé is described in detail in the Appendix; NFz
is purified in a similar manner.




The NEPE obtained from Air Products is reported to be of 99.9 per
cent purity; the major impurities are NO and N,O with small quantities of other
(unknown) materials. The purificaiion technique used in this investigation was
that outlined by Schoenfelder.2/ A 5 ft. x 1/4 in. silica gel (60 - 80 mesh)
column was maintained at -78°C by an acetone-dry ice mixture. The chromatog-
raphy of the commercial (Air Products) gas revealed as many as eight compounds
preseat.

Although some of the impurities mey have been the resull of inter-
actions of NoF, with the (glass) purification lines, this initi.l work indicated
that the commercial product contained impurities not identified by the manu-
facturer.

The eluted impurity gases have been sampled end tentati-ely identi-
fied; column length was varied; and finally, temperature was varied. Complete
separation of the NoFy from its impurities was accomplished in a 10 ft. x 1/4
in. silica gel (60 - 80 mesh) column at room temperature.

The identified and postulated impurities in N F, are air (N and 02),
CFy, NO, 5iFy, NzO, NFz and NoF4. All the impurities are eluted well ahead of
the NoF,. thus yielding an extremely pure crample. The infrared spectrum of the
chromatographed NyF4 shows only the major absorptions of this compound .

The preperation of 017F, F, for the EPR studies has continued. A micro-
technique was devised for the preparation, after repeated attempts at electirol-
ysis failed to yield decirsble quantities of OF,. Fluorine was reacted with a
0.5 N KOH solution made with H;017 (4.0 per cent 017). The fluorine was bubbled
through the alkaline solution for 1 hr.; the system was then purged with heliunm,
forecing the 017Fé through the dry ice bath into the liquid O, trap. The 017Fé
was then transferred from this trap to an LPR tube or storage bomb. The re-
sultant product containeé impurities, and it was necessary to dilute the sample
with commercial OFé prior to chromatographic separation of the impurities. The
final product contained less than 1 per cent 017, a concentration which was toc
low for the satisfactory observation of EFR splitting. The preparation of ol7
substituted oxygen fluorides has been discontinued since similar work 1s being
pursued at other laboratories.

4/ Schoenfelder, C. W., J. Chromatography, 7, 281 (1962).




€. Other Spectroscopic Studies

The investigations of the visible-ultraviolet spectra of the pure
oxygen and nitrogen fluorides and mixtures of uxygen and ritrogen fluorides
{811 124.i3s) has continued. This work has replasced the flash photolysis
studies of liquid OF,. As was previously reported, the flash photolysis stud-
ies of liquid OFé were unsuccessful. due to our inability tc corncentrate enough
photolysis energy irto the liquid sample.§

The visible-ultraviolet spectra of OF, and NF3 (liquids) have been
obctained with a Beckman DU spectrophotomete: adapted to hold the low-temperature
cells designed for the flash photolysis studies.§/ The readings ars recorded
point by point throughoot the range of 220 mp to 1,000 me.

In the study of the pure liquids, there is no solvert and hence no
reference solution. However, with several cells of differing path length, the
existence of regions of 100 per cent transmittance becomes apparent. By using
the absorbances measured in these regions as a "cell constant," and assuming
that this correction is independent of 'ravelength, it was found that the ratio
of the absorbances fgrecs well with the ratio of the cell path lengths, and
hence, that the molar e«tinction coefficients can be determined. Table I shows
the absorbance data for pure iiquid OFp and the covrection factor for : ach cell.
The extinction coefficients agree well from cell to cell; indicating that OF;
does obey Lambert's Law.

The molar extinction ccefficients for liquid OF, compare quite favor-
sbly to those reported by Glissmann and Schumacherﬁ/ for gaseous OF,. Liquid
NFz is essentially transprrent in the region 300 - 1,000 mi{, as can be seen
from the data in Table II.

5/ Midwest Research Institute, Contract No. AF 04(611)-10215, "Structural
Studies of Inorganic Oxidizers," Quarterly Report No. 1, October 1964.
6/ Giissmann, A., and H. J. Schumacher, Z. Physik. Chem., B24, 328 (1934).




TABLE I

DATA FOR PURE LIQUID OF, IN THE THREE CELLS
USED IN THIS WORK

A. Path length = 0.1 cm., cell constant = 0.04 absorbance unit

A A (abs.) A (corr.) _€
700 0.04 0.00 0.000
650 0.04 0.00 0.000
600 0.04 0.00 0.000
550 0.06 0.06 0.006
500 0.08 0.04 0.016
450 0.14 0.10 0.030
400 0.22 0.18 0.054
350 0.66 0.62 ¢.187

B. Path length = C.2 cm., cell constant = 0.03 sbsorbance unit

A A (abs.) A (corr.) €
700 U.03 0.00 0.000
650 0.03 0.00 0.000
600 0.03 0.00 0 .000
550 0.05 0.02 0.006
500 0.10 0.017 0.011
450 0.23 0.20 0.030
400 0.40 0.37 0.056
3350 1.24 1.21 0.181

C. Path length = 0.5 cm., cell constant = 0.05 absorbance unit

A A (abs.) A {corr.) €

700 0.05 0.00 0.000
650 0.05 0.00 0.000
600 0.06 0.01 0.001
550 0.10 0.05 0.003
500 0.24 0.19 ¢.011
450 0.53 0.46 0.029
400 0.92 0.87 0.052
350 - - -




TABLE II

ABSORBANCE OF NFz (200 - 1,000 i)

A mp Absorbance
200 0.6
250 0.1
300 0.05
350 0.01
400 0.01
500 -
600 -
700 =
800 -
300 -

1,000 =

The present studies on the mixtures of 0F2 and NFE are directed
tcward establishing any interaction of the photolytic species present in 0F5.

Other workers have examined the visible-ultraviolet spectra of O0xFp
and OsFé,l hence our work with these materials will examine the variation of
the observed spectra with temperature. For these studies the low temperature
Dewar has been replaced with the variable temperature cell and dewar shown in
Fig. 2. This cell and Devar unit can be used with the Beckman DK or DU spec-
trophotometer. Studies of mixtures containing NFz and the higher oxygen
fluorides are also in progress.

No infrared dats on the pure liquids or mixtures sre available at
thig time. A satisfa-tory fixed-thickness AgCl cell has be=n rabricated. The
sample inlet system is & 4 mm. pyrex to Kovar tube, which is silver soldered
to the stainless inlet line which passes through the body of the dewar. (The
cryogenic optical dewar and associated equipment have been previously de-
scribed.8 ) Considerable difficulty has been experienced in maintaining the
dewar vacuum at low temperatures, but most -f the problems have been resolved.
A lunger flexib’= cable will permit continuous evacuation during the infrared
observations thus assuring tr it sample temperature is constant.

7/ Kirshenbaum, A. D., and A. G. Streng, J. Chem. Phys., 35, 1440 (1961).

8/ Midwest Research Institute, Contract No. AF 04(611)-9372, “Structural
Studies of Inorganic Oxidizers," Annual Summary Report, RPL-TDR-64-98,
pPp. 1-8, June 1964.
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Fig. 2 - Variable Temperature Dewar and Cell for Visible-Ultraviolet Studies
of Liquid Oxidizers
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1II. DISCUSSION

The spectroscopic studies of the oxygen-fluorine, nitrogen-fluorine
compounds have not shown the existence of any of the postulated ions. However,
of equal importance with ionic species, is the presence of an extremely long-
lived radical. This s%udy has shown that photolysis of OF, (1iquid) produces
such an entity. One possible route to the formation of this species in OF;
is given by reactions (1) - (3), Section II-A. It is conceivable that the same
species exists in the photolyzed products of OpFp and OzF,. Thus, the para-
magnetic species observed is O,F- where x = 2 in the case of OF,.

The visible-ultraviolet studies contribute t> the understanding of
the photolytic processes because they indicate the regions where OFp begins to
absorb light. The absorption of light corresponds to electronic transitions
from the ground state to an excited electronic state. This excited state is
probably short-lived, and may well be the UF. of reaction (1). The nature of
this electronic transition in liquid OF», as well as the other transitions con-
tributing to the weak maxima at 294 and 421 mp in gaseous OF; will be better
understood after the investigation of the temperature and photolytic behavior
of the spectra have been obtained. Of equal importance will be the infrared
data on liquids, since the associated intermediate, (OF)n of reaction (2), may
not be present in gaseous or solid OF,.

The further characterization of OyF. and (OF)n in the pure materials
and in solution, will form the basis of continuing studies in which these enti-
ties will be nutilized in the formation of other oxygen-fluor.ae compounds.

Iv., FUTURE WORK

During the next quarter the investigation of the paramsgnetic reso-
nance of OyF5, OzFp and mixtures of these with N-¥ compounds will continue.
The emphasis in this work will be the determination of mechanicm of photolytic
behavior and poscible techniques for stabilization of the radical or radicals
produced.

The visible, ultraviclet and infrered spectroscopic studies will
continue. The emphasis in ti:is phase will be on the interpretation of changes
observed as the temperature is varied during photolysis. These studies will
be made on pure materials and mixtures.

-11 -




APPENDTX

ELECTRON PARAMAGNETIC RESONAMCE SPECTRUM OF
LIQUID OXYGEN DIFLUORIDE

F. I. Metz, F. E. Welsh, . B. Rose
Midwest Research Institute

425 Volker Boulevard
Kansas City, Missouri €4110

INTRODUCTION

The electron paramagnetic resonance spectrum of liquid oxygen di-
fluoride has been determined in conjunction with a study of the structure of
liquid inorganic oxidizers. The EPR spectra of the higher oxygen fluorides
(0,F,, OzF,, and O4F,) have been studied by Kirshenbaum zud Grosse (4).
They have obserred two EPR signals from samples of OoF, at 77°K. The reso-
nances were assigned to the presence of int-rmediates in the decomposition
OpFy ———> 05 + Fy rather than to Oy, Fp, or OyF, itself. The stronger
of the two signals has been interpreted in terms of the presence of a radi-
cal with one unpaired electron, having a hyperfine interaction with only one
fluorine nucleus. OoF. -7as considered to be a likely possibility. The
weaker resonance was associsted with the presence of a radical in the tri-
plet state.

The EFR spectrum of (zF, showed (4) the same resonances as were
obtained rrom O F,, except that the intensity of the stronger signel in the
case of Osﬁé was S5C - 100 times greater than the intensity of the correspond-

ing resonance in OpFp, while the triplet resonance in OsFp is only twice as
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intense as the triplet resonance in OpFp. The strong signal in OzF, was also
assigned to the O F- radical. Contamination of the OoF, with OzF» was ruled
out by the observation of the resonances after the OoF, sample had been heated
above the decomposition temperature of 03F2.

0,F, was found to be paramagnetic (4). The EPR spectrum at 77°K
consisted of a strong doublet with an average g-value of 2.009 and a doublet
separation on the order of 13 gauss. In view of the dissimilarit; between
the spectrum of O4F2 and the spectra of O F, and OzF,, it was unlikely that
the parasmagnetic species in O4Fé was the OoF. radical.

The EPR spectrum of OzF, at 90°K has also been investigated by
Maguire (5). A doublet with a splitting of 13.6 gauss and a g-value of 1.975
was obtained. These results have been interpreted in terms of diradical
OzF> being the paramagnetic species involved. One unpaired electron is
thought to be localized near each of the fluorine nuciei. The coupling be-
twveen the two fluorine nuclei is considered to be weak, or zero.

In this study, pure liquid OF, exhibited no EPR signal when con-
densed in the absence of light. Upon pnotolysis, a strong doublet with a
hyperfine splitting of 13.5 gsuss and a g-value of 2.0032 was obtained.
Concentrations were on the order of 1016 unpaired electrons per sample.
Oxygen difluoride is a colorless gas at room temperature, and a pale yellow
liquid at temperatures below 128°K, its normal boiling point. It is rela-
tively stable, with thermal decomposition beginning at about 200 - 250°C.

OF, is nonlinear, with two equivalent O-F bonds having an FOI' angle of 104°.

- 13 -




EXPERIMENTAL

Electron Paramagnetic Resonance

EPR measurements were made using a Varian V-4502 X-band spectrom-
eter equipped with a 6 in magnet and using 100 kc field modulation. The
frequency used was 9.1 Gec. The sample tube was a 35,0 mm I.D. quartz tubc
connected to a stopcock and a male ground glass joint by means of a graded
seal. Sumple volumes were approximately 0-05 ml. One spectrum was run cn a
Varian V-4503 K-band spectrometer using a frequency of 34.8 Gec. For meas-
urements at 77°K, the sample tube was placed in a small quartz dewar which
was inserted into the cavity. Measurements in the range from 88°K to 138°K
were made using a V-4557 variasble temperature accessory. Peroxylamine di-
sulfonate was used for the scan calibration. The total hyperfine splitting
of the spectrum was taken to be 26.0 gauss (9). Polycrystalline DPFH
(g = 2.0036) in a capillary inside the dewar was used as the standard for
the g-value determination. The frequency in the X-band region was determined
using a Hewlett-Packard Model 5243L Electronic Counter, a Model 5253A Fre-
quency Converter, and a Model S540B Transfer Oscillator. Concentration meas-
urements were made relative to a Varian 0.1 per cent pitch sample in KC1,
with the number of spins taken o be 3 x 1071° spins/em length of sample.
The accuracy of this value is estimated to be *25% (10). Relative values of
the intensit :s of the OFé spec’ at various temperatures (compared with
the pitch standard) are of primary interest, vhile absolute values of the
spin concentrations are of less importance.

- 14 -




Photolysis studies were performed using a PEK-110 100 watt high
pressure mercury arc lamp. The 3660 angsirom line was selected by means of

a Bausch and Lomb second order interference filter.

Pur? “ication

A schematic of the purification system is shown in Fig. 3. The
OF, was bled slowly from the storsge tank through an HF trap and condensed
on the cold vertical column. The HF trap removed hydrogen fluoride and sili-
con tetrafluoride (7), while the cold column separated any carbon dioxide
present. This vertical columr was at 77°K and jacketed with a dewar. The
OF2 condensed and drained below the cold region of the tube where it refluxed
and slowly distilled into the first liquid nitrogen trap. Following Schoen-
felder's prucedure for NyF, (6), the OF, was chromatc vephed. Table III shows
+he relative elution times of the impurities found to be present. Prior to
the introduction of the heljum carrier gas, it was passed through reduced
copper oxide wire at 500°C (2) to remove oxygen and Linde molecular sieve
to remove HpO.

TABLE III

RELATIVE ELUTION TIMES ON &" x 10' SILICA GEL COLUMN,
FLOW RATE, 150 ml/min

Substance flution Time of Maximum (min)
Op 4.7
N2 5.1
OFé 10.8
CF; 16.5
co, 120.0
siF, >120.0

- 15 -
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Chemicals

The copper oxide wire was Mallinckrodt reagent grade. The molecular
sieve was Linde SA 1/16-in pellets. The OF, was obtained from Allied Chemical
Corporation and was approximately 97 per cent pure. The silica gel (60/80

mesh) was purchased from Matheson Company.
R%SULTS

No EPR signal was obtained on samples of liquid OF, prepared in
the absence of light. Liquid OFé teken directly from the tank in the pres-
ence of room light showed a fairly strong, complex signal with a total line-
width of about 100 gauss. Similar results were obtained from OF, which had
been swept through an HF trap and subsequently distilled.

The EPR spectrum of a sample of chromatographed liquid OFé, pre-
pared in the absence of light, showed a strong doublet (Fig. 4) with a
splitting of 13.5 gauss when photolyzed. The linewidth was temperature de-
pendent with values in the range of 1.6 - 3.6 gauss. The line center of the
doublet had a g-value of 2.C032 % 0.0003. The line shape closely approxi-
meted a Lorentzian curve. The spectra were examined st various modulation
amplitudes and microwave power l-vels in order to ensure that no distortion
due to overmodulation or power saturation occurred. The intensity of the
doublet increased with time during photolysis. The number of paramagnetic
species was calculated to be on the order of 1016 per sample, corresponding
to a concentration of about 0.001 mole per cent. An EPR spectrum of chro-

matographed liquid OFy prepared in normal room light was similar to the

- 17 -
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SPT un obtained from the photolyzed samples. An EPR spectrum of photo-
iyzed ligquid OF, observed at a frequency of 24.8 Gc is shown in Fig. 5.
A hyperfine splitting of 13.7 gauss was observed, ir agreement with the
vaiue of 13.5 gauss observed st 9.1 Gc. Part of the asymmetry of the signal
observed on the high field side of each peak was due to a recorder malfunc-
tion. It is also possible that anisotropies may be observed at the higher
frequency used.

In a series of experiments, EPR spectra of different samples of
OFé Were taken during 7% min of photolysis and afterwards in the atsence of
light for sufficient time to observe trends in the signal intensity. The
change of the signal intensity with photolysis is shown in Fig. 6 for a
number of temperatures. The calculated intensity at each temperature was
corrected for the change in the Boltzmann distribution of radicals in the
lowesl energy state. The rate of formation of the radicsl species increased
with temperature. The intensity at the maximum and the signal intensity
bchavior after photolysis were also strongly temperature dependent. At 77°K
the signal strength increased rapidly after the lamp was turned off, then
more slowly. At intermediate temperatures, 87°K, 1CO0°K, and 105°K, the in-
tensity leveled off after photolysis. The curves fall off more rapidly at
121°K in the absence of light. The decay at 77°K did not proceed to zero
intensity, but usually reached a value vwhich persisted even after several
days storage of the sample in the dark. The signal may be caused to vanish,
cr at least ree~t a very low level by vaporization and recondensation of the

sample in .he absence of light.
- 19 -
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Figure 7 shows the change in signal strength with continued pho-
tolysis at 77°K for two different intensities of irradiation. With low in-
tensity illumination, a peak concentration was reached at 10 min photolysis,
after which time additional photolysis produced a diminution of the signal.

At 24% min, the signal strength corresponded to approximately 1012

unpaired
electrons. After the lamp was extinguished, the concentration immediately
increased to a value on the order of 5 x 1013 unpaired electrons. The con-
centration continued to iicrease in the absence of light. If the sample was
irradiated again, the signal level vrapidly dropped to the previous low value.
With high intensity illumination, the signal intensity of a different sample
of pure liquid OF, reached a maximum after 3 min of photolysis, then rapidly
decreased. The lamp was turned off at 7% min, whereupon the signal intensity
increased rapidly In geceral, the intensity of the PR resonance increased
with continued photolysis, reached a maximum, and dropped to a very low level.
The presence of oxygen may affect the results of these experiments
in several ways. Two possible results are a change in the mechanism of the
photolytic reactiens, or a broadening of the EPR signal. Large amounts of
oxygea {of the order of 1%) cause the sigrnal to be broadened. In experiments
in which this percentage of oxygen was added to OF,, the spectrum was simi-
lar to that obtained from pure OF, in that the doublet was observed, and the

radical concentration was photolysis dependent. Small amounts of oxygen in

the range of 0.06% to 0.1% caused no change in either the rate of formation

- 22 .
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of the radical or the characteristics of the signal. It is estimated that
the amount of oxygen present in the pure OF, was 0.03% or less, probably from

a slight decomposition of OFé acconpanying vaporization and recondensation.

DISCUSSION

The lack of an EPR signal in the spectra of samples chromatographed
in the absence of light is strong evidence that liquid OF, is not paramagnetic.
In addition, a hyperfine triplet rather than the observed doublet would be
expected from a paramagnetic species such as OF,-. The fact that the separa-
tion between the two peasks was due to hyperfine splitting was demonstrated
by the agreement between the separation in gauss observed in spectra tsaken at
frequencies of 9.1 Gc and 34.86 Ge. If hyperfine splitting was not present,
the separation would be expected to increase as the ratio (34.8/9.1) of the
frequencies of observation.

Considering the system involved, the doublet could arise from OXF-
or F* radicals, due to hyperfines interaction with a fluorine nucleus which
has a spin of %. However, it is to be expected that the fluorine atom would
react via recombination or abstraction much more rapidly than would the OXF-
radical. Thc fluorine radical has not been observed in the condensed phase,
but has been observed in the gas phase as six well-spaced resonances with a
g-value of 4/3. At  frequency of 9.249 Gc, 4,159 gauss was the lowest
value of the magnetic field at which a resonance ozcurred (8). We have

studied the EPR of liquid F, at 77°K. Tank fluorine and fluorine run through
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an HF trap and distilled have exhibited a wer.t signal with a linewidth of
about 75 gauss and a g-value near 2.0. The signal strength increased with
photolysis and seemed to broaden. It is probable that the observed resonance
in liquid fluorine was due to an interaction with impurities. It is thus
highly improbable that the resonances observed are iue to F-.

The value of the coupling constant in OF, (13.5 gauss) is not what
one would expect from hyperfine interaction of an electron with a fluorine
nucleus, tnis interaction usuaslly being much greater. As a comparison, the
hyperfine splitting due to two equivalent fluorine nuclei in NF5+ in liquid
NoF, is 64 ¥ 2 gauss (1). It is probsble that the greater electronegativity
of the oxygen in O,F+ decreases the unpaired electron Aensity at the fluorine
and thus accounts for the smali value of the hyperfine splitting. From the
above, it is probable fhat the unpaired electron species observed in the
present study is O,F:, and not F-.

The EPR spectrum of OQFé alsc has been studied in this laboratory.
Solid O-F, showed a broad, anisotropic EPR pattern similar to that reported
(4). In addition, the EFR spectrum of neat liquid O0oFy contained a doublet
near g = ©.0, with a hyperfine splitting of approximately 13 gauss.

The radicals present in the four binary OF compounds (OF,, O,F,,
OzF,, and O,F,) may be OF:, OpF:, OzF-, and O4F-. However, radicels with the
same hyperfine interaction with a fluorine nucleus (13 gsuss) heve been ob-
served in all four binary OF compounds. It may be that the same paramagnetic

species is present in each compound. It is possible that the hyperfine

- 25 -




splitting due to the unpaired electron density with the fluorine nucleus would
be charged by the addition of more oxygens on the O,F- species, due to the
electronegativity of the oxygen nucleus. From this line of reasoning, one
would expect a different hyperfine splitting with fluorine in each of the
radicals. An unambiguous method of identifying the value of x in O F is the
use of 170, which has a nuclear spin of 5/2, and which would have a hyperfine
interaction with the unpaired electron. The number of oxygens in the radical
could be determined by the EPR hyperfine pattern. 170Fé is being prepared in
order to confirm the identity of the paramagnetic species in photolyzed liquid
OFé.
The kinetics of the photolysis suggests a number of possible re-

actions involved in the formation and decay of the observed fluorine contain-
ing paramagnetic entity.

(1) OF, ===X—== CF. + F-

(2) n OF ———> (OF)

(2) (oF) ——> o,F + (0 __F )

(4) 2 OyFe ——> x 0, + Fp
In addition, other reactions of the radicals produced in reaction (1) witl
solvent (OFé) or O, may occur:

(s) OF, + OF ———> OF- + OF,

(s) OF, + F* ————> OF + Fp

(7) 0, + OFF ————> OoF- + 0
(8) 0p + F» ———> OpF.

(9) 20 > 05

- 26 -




Reaction (1) is the primary photolysis reaction. Both OF- (3) and
F. should be short-lived entities and not directly observable via EPR, It is
possible that OF- would sssociate as in reaction (2). Resction (3) shows the
fragmentation of the associated species to give a smaller OF polymer and an
O F+ radical. Reaction schemes involving an associated OF entity could also
be written for the higher oxygen fluorides. Thus, one could rationalize the
existence of the same O F+ radical in the four binary OF compcunds, if the
similarity in the hyperfine coupling of the radicals obtained was interpreted
in these terms. However, if the fluorine hyperfine coupling is insensitive to
the presence of more than one oxygen on the radical, the value of X in OXF-
may be different in the various OF compounds. Reaction (4) shows the decay
of O,F- to Op and Fp.

Reactions (5) and (6) show possible combinations of the initially
generated radicals with solvent molecules, and (7) and (8) are possible reac-
tions of the radicals with oxygen impurity to produce 02F'.

The above reactions are not yroposed as the only possible ones,
but it is felt that they are reasonable in view of the characteristics and
intensity behavior of ihe EPR spectra.

As the temperature was increased (Fig. 6). the rate of formation
of the radical increased. More energy was available to increase the rate of

the dissociation of OF» following its photolytic activation. In addition,
dependent upon the temperature, the signal intensity increased in the absence
of light. Hence, an increase in the rate of formation at 77°K after the lamp

was extinguished was observed.
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At higher temperatures (87°K, 100°K, 105°K), the decay of the signal
is slow in the ebsence of light. Finslly, at 120°K, the signal decays more
rapidly after photolysis. Thus, the rate cf the decay reactions was temper-
ature dependent.

Figure 7 shows that continued photolysis caused the signal to reach
a very low level. Thus, there must be a critical concentration which allowed

the decay processes to predominate over the formation reactions.

SUMMARY

This study has established that oxygen difluoride dissociates
photolytically into a paramagnetic species in which there is a hyperfine
interaction between the unpaired electron and one fluorine nucleus. The
photolytic rate of formation of the radical species increased with temperature.
The behavior of the signal intensity in the abisence of light after photolysis
was also temperature dependent. "The kinetics have been interpreted ir terms
of a photolytic formation scheme. The radical has been characterized by
means of the EPR spectrum, but not identified. However, the characteristics

of the spectrum indicated that the radical was OyF-, rather than F-.
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